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
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2.1. Objective functions of the base model 
1) Economy function,QWKLVSDSHUHFRQRP\IXQFWLRQDGRSWVWKHPLQLPL]DWLRQRIFRPSUHKHQVLYHFRVWZKLFKFDQ
EHH[SUHVVHGDV
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2) Security function6(UHIOHFWVWKHGLVWULEXWLRQEDODQFHRISRZHUIORZZKLFKFDQUHSUHVHQWWKHRYHUDOOVHFXULW\
OHYHORISRZHUV\VWHPV6RWKHPLQLPL]DWLRQRI6(LVLQWURGXFHGDVWKHVHFXULW\IXQFWLRQ,WFDQEHGHILQHGDV
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2.2. Constraints of the base model 
1) Power balance constraint7KH WRWDO UHDOSRZHURXWSXW PXVWPHHW WKH WRWDO UHDO ORDGGHPDQG  DQG WKH UHDO
SRZHUORVV
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2) Generation capacity and bus voltage magnitude constraints)RUVWDEOHRSHUDWLRQWKHUHDODQGUHDFWLYHSRZHU
JHQHUDWLRQFDSDFLWLHVDQGEXVYROWDJHPDJQLWXGHVDUHUHVWULFWHGDVIROORZV
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3) Line capacity constraint )RU VHFXULW\ RSHUDWLRQ WKH SRZHU IORZ RI WUDQVPLVVLRQ OLQHV VKRXOG VDWLVI\ WKHLU
FDSDFLW\OLPLWVDV
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4) Network loss constraint)RUHFRQRPLFRSHUDWLRQWKHSRZHUVHFWRUZRXOGOLNHWRFRQWUROWKHQHWZRUNORVVUDWH
LQDFHUWDLQUDQJH
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2.3. Formulation of the base model 
&RPELQLQJ WKH REMHFWLYHV DQG FRQVWUDLQV WKH EDVH PRGHO FDQ EH IRUPXODWHG DV D QRQOLQHDU FRQVWUDLQHG EL
REMHFWLYHRSWLPL]DWLRQSUREOHPZKLFKFDQEHH[SUHVVHGDV
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2.4. Solution of the base model 
,Q WKLV SDSHU D VHW RI 3DUHWR RSWLPDO VROXWLRQV DUH REWDLQHG E\ PXOWLREMHFWLYH EDFWHULDO FRORQ\ FKHPRWD[LV
02%&&DOJRULWKPDQGFRQFUHWH LPSOHPHQWDWLRQ VWHSVRI WKHDOJRULWKP LV LQ >@0RUHRYHU WKH WHFKQLTXH IRU
RUGHUSUHIHUHQFHVLPLODUWRDQLGHDOVROXWLRQ7236,6PHWKRGEDVHGRQJUD\FRUUHODWLRQDQDO\VLVPHWKRG>@KDV
EHHQXVHGWRILQGDILQDOGHFLVLRQVROXWLRQ
(FRQRPLFUHJLRQFRQVLGHULQJORDGIRUHFDVWLQJGHYLDWLRQV
,Q WKLV VHFWLRQ WKH PXOWLREMHFWLYH UREXVW RSWLPL]DWLRQ 0252 PRGHO ZKLFK FDQ REWDLQ 3DUHWRRSWLPDO
VROXWLRQVZLWK JRRG TXDOLW\ DQG KLJK UREXVWQHVV LV LQWURGXFHG WR RSWLPL]H WKH EDVHPRGHOZLWK ORDG IRUHFDVWLQJ
GHYLDWLRQVDQLPSRUWDQWORDGXQFHUWDLQW\0HDQZKLOHWKHHFRQRPLFUHJLRQFRQVLGHULQJORDGXQFHUWDLQW\(5&/8
FRQFHSWLVLOOXVWUDWHGIRUVROYLQJWKHSUREOHPVDERXWWKHEDVHPRGHO
3.1. Multi-objective robust optimization problem 
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DSSUR[LPDWH FDOFXODWLRQ 7KH PHWKRG REWDLQV WKH LQWHJUDO DSSUR[LPDWLRQ E\ VDPSOLQJ DQG FRPSXWLQJ LQ D G 
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3.2. Formulation and solution of the robust optimization model 
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)RUVROYLQJWKHSURSRVHG52PRGHOGLIIHUHQWVHWVRI3DUHWRRSWLPDOVROXWLRQVFDQEHREWDLQHGZLWKGLIIHUHQWORDG
IRUHFDVWLQJGHYLDWLRQFRHIILFLHQWYDOXHVr E\WKH02%&&DOJRULWKP7KHQDFFRUGLQJWRWKH7236,6EDVHGRQJUD\
FRUUHODWLRQ DQDO\VLV D GHFLVLRQ VROXWLRQ FDQ EH JDLQHG IRU HDFK VHW RI 3DUHWRRSWLPDO VROXWLRQV $Q H[DPSOH LV
SORWWHGLQ)LJLQZKLFK  r r DQG r UHSUHVHQWWKUHHGLIIHUHQWr YDOXHV



)LJD3DUHWRIURQWVZLWKGLIIHUHQWUYDOXHVE3RVLWLRQVRIIXQFWLRQYDOXHVXQGHUGLIIHUHQWGHFLVLRQVROXWLRQV
3.3.  Economic Region Considering Load Uncertainty 
)RU WKH 52 PRGHO HDFK GHFLVLRQ VROXWLRQ LV FRPSRVHG ZLWKN UHDO SRZHU JHQHUDWLRQV &RQQHFW UHDO SRZHU
RXWSXWVRIHDFKXQLWIURPGLIIHUHQWGHFLVLRQVROXWLRQVZLWKDERXQGDU\OLQHDQGDOOERXQGDU\OLQHVIURPUHDOSRZHU
RXWSXWVRIGLIIHUHQWXQLWVFDQIRUPDQHQYHORSHUHJLRQ,QWKLVSDSHULWLVGHILQHGDVWKHHFRQRPLFUHJLRQFRQVLGHULQJ
ORDGXQFHUWDLQW\(5&/8ZKLFKLVSUHVHQWHGLQ)LJ0HDQZKLOHWKHLGHDOLQWHUYDOLVGHILQHGDVWKHUHDOSRZHU
RXWSXWUDQJHRIHDFKXQLWIURPWKH(5&/8

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)LJ$VNHWFKRIWKHHFRQRP\UHJLRQFRQVLGHULQJORDGXQFHUWDLQW\
$GMXVWPHQWVWUDWHJ\
)RUWKHUHDOSRZHURXWSXWVRIXQLWVRXWRIWKH(5&/8WKHDGMXVWPHQWVWUDWHJ\LVIRUPXODWHGIRUGHFLVLRQPDNHUV
7KHPDLQVWHSVRIWKHDGMXVWPHQWVWUDWHJ\DUHGHPRQVWUDWHGDVIROORZVDQGWKHIORZFKDUWRIWKHDGMXVWPHQWVWUDWHJ\
LVGHSLFWHGLQ)LJ
6WHS6WUXFWXUHWKHUHDOSRZHURXWSXWYHFWRUDQGWKHLGHDOLQWHUYDOYHFWRU
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6WHS5HWXUQWR6WHS
([SHULPHQWDQGUHVXOWV
,Q WKLV VHFWLRQ WKH ,(((JHQHUDWRU EXV WHVW V\VWHP LV DGRSWHG WR RSWLPL]H WKH52PRGHO DQG REWDLQ WKH
(5&/87KHQDQH[DPSOHEDVHGRQWKH(5&/8LVDGRSWHGWRWHVWWKHYDOLGLW\RIWKHDGMXVWPHQWVWUDWHJ\7KHYDOXHV
RIWKHIXHODQGHPLVVLRQFRHIILFLHQWVRIWKH,(((EXVV\VWHPDUHUHIHUHQFHGLQ>@7KHOLQHGDWDDQGEXVGDWDRI
WKHV\VWHPDUHUHIHUHQFHGLQ>@7KHHQYLURQPHQWDOFRVWFRHIILFLHQWLVFKRVHQDVK  
5.1. Economic region considering load uncertainty 
7RFRPSDUHWKH3DUHWRRSWLPDOVROXWLRQVRIWKH52PRGHOZLWKGLIIHUHQWORDGIRUHFDVWLQJGHYLDWLRQVWKUHHFDVHV
DUHRSWLPL]HGEDVHGRQr r  DQGr  
3DUHWRIURQWVRIWKUHHFDVHV r r  DQGr  DUHVKRZQLQ)LJ)RUWKHFDVH r WKH3DUHWRIURQWLVWKH
OHIWPRVW RQHZKLFKGRHV QRW FRQVLGHU WKH ORDG IRUHFDVWLQJGHYLDWLRQ DQG LV REWDLQHGE\ WKH EDVHPRGHO )RU WKH
FDVHVRIr  DQGr  FRPSUHKHQVLYHFRVWDQGV\VWHPHTXLOLEULXPRI3DUHWRRSWLPDOYDOXHVDUHERWKODUJHUWKDQ
WKHFDVHRIr ,WLQGLFDWHVWKDWWKHHFRQRP\DQGVHFXULW\RISRZHUV\VWHPVZLOOJHWZRUVHEHFDXVHRIFRQVLGHULQJ
WKH ORDG IRUHFDVWLQJ GHYLDWLRQV DQG WKH UREXVWQHVV RI 3DUHWR RSWLPDO VROXWLRQV LV DFKLHYHG E\ VDFULILFLQJ SDUW
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
id Ni   
*P *ÖP


****  ' ''' ¦
 
k
i
ik PPPP 

)LJ$GMXVWPHQWVWUDWHJ\IORZFKDUW
      




&3*
(
3
*




3DUHWRRSWLPDOYDOXHIRUU 
)LQDOGHFLVLRQYDOXHIRUU 
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)LJ7KHHFRQRPLFUHJLRQFRQVLGHULQJORDGXQFHUWDLQW\
'HFLVLRQVROXWLRQVRIWKH52PRGHODUHFKRVHQE\WKH7236,6EDVHGRQJUD\FRUUHODWLRQDQDO\VLV7KHZHLJKWVRI
HFRQRP\DQGVHFXULW\REWDLQHGE\3&$DUHDQGUHVSHFWLYHO\'LIIHUHQWGHFLVLRQVROXWLRQVIRUGLIIHUHQW
ORDGIRUHFDVWLQJGHYLDWLRQYDOXHVrFDQEHREWDLQHG7KHQERXQGDU\OLQHVDUHXVHGWRFRQQHFWWKHUHDOSRZHURXWSXW
RIVL[XQLWVIURPGLIIHUHQWGHFLVLRQVROXWLRQVDQGWKH(5&/8LVLOOXVWUDWHGLQ)LJ%HFDXVHWKH(5&/8LVIRUPHG
ZLWKWKHGHFLVLRQVROXWLRQVRIWKHSURSRVHG52PRGHOWKHUHDOSRZHURXWSXWVRIXQLWVLQWKH(5&/8FDQFRQVLGHU
WKHHFRQRP\VHFXULW\DQGORDGIRUHFDVWLQJGHYLDWLRQRISRZHUV\VWHPV
5.2. Adjustment strategy 
$VVXPLQJWKDWADQG BDUHWZRGLIIHUHQWUHDOSRZHURXWSXWYHFWRUVZKLFKDUHH[SUHVVHGVHSDUDWHO\DV
A
GP  >@
B
GP  >@
5DPSLQJOLPLWSDUDPHWHUVRIJHQHUDWRUVDUHSURYLGHGLQ7DEOH,QDGGLWLRQ7DEOHGHSLFWVWKHORZHUDQGXSSHU
OLPLWVRILGHDOLQWHUYDOYHFWRUREWDLQHGIURP7DEOH
7DEOH5DPSLQJOLPLWSDUDPHWHUVRIJHQHUDWRUV
*P 0: *P 0: *P 0: *P 0: *P 0: *P 0:
DP      
UP      
7DEOH7KHLGHDOLQWHUYDOYHFWRU
      
*iP 0:      
*iP 0:      
7KHGDWDRIYHFWRUADQG7DEOHDUHFDOFXODWHGXVLQJ(TDQGWKHGLVWDQFHVEHWZHHQWKHUHDOSRZHURXWSXW
RIHDFKXQLWDQGFRUUHVSRQGLQJLGHDOLQWHUYDODUHSUHVHQWHGLQ7DEOHIRUWKHDGMXVWPHQWSURFHVV,Q7DEOH
DQGUHSUHVHQWWKHDGMXVWPHQWWLPHV7DEOHSURYLGHVWKHUHDOSRZHURXWSXWRIHDFKXQLWEDVHGRQ7DEOH7KHQWKH
DGMXVWPHQWDPRXQWVRIYHFWRUADERXW7DEOHDUHVKRZQLQ7DEOH


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7DEOH'LVWDQFHVRIYHFWRUAIRUWKHDGMXVWPHQWSURFHVV
7LPH d  d  d  d  d  d 
      
      
      
7DEOH5HDOSRZHURXWSXWVRIYHFWRUAIRUWKHDGMXVWPHQWSURFHVV
7LPH *P 0: *P 0: *P 0: *P 0: *P 0: *P 0:
      
      
      
7DEOH$GMXVWPHQWDPRXQWVRIYHFWRUA
7LPH *P' 0: *P' 0: *P' 0: *P' 0: *P' 0: *P' 0:
      
      
7KHGLVWDQFHYDOXHVLQ7DEOHVKRZWKDWWKHUHDOSRZHURXWSXWVRIXQLWVDUHQRWLQ(5&/8EHIRUHDGMXVWPHQW
H[FHSW WKHXQLW9DOXHVRI d DQG d DUH ODUJHU WKDQZKLFKLQGLFDWHV WKDWWKHXQLWDQGWKHXQLWQHHGWREH
DGMXVWHGWRZDUGWKHGLUHFWLRQRIGHFUHDVLQJ9DOXHVRI d  d DQG d DUHOHVVWKDQZKLFKLQGLFDWHVWKDWWKHXQLW
WKHXQLWDQGWKHXQLWQHHGWREHDGMXVWHGWRZDUGWKHGLUHFWLRQRILQFUHDVLQJ7KHQXPEHURIXQLWVQHHGLQJWREH
DGMXVWHGLVk 
$IWHUDGMXVWPHQWIRUWKHILUVWWLPHYDOXHVRI d DQG d PHHWWKHGLVWDQFHUHTXLUHPHQWV%XW d LVVWLOOODUJHUWKDQ
ZKLFKLQGLFDWHVWKDWWKHXQLWQHHGVIXUWKHUDGMXVWPHQWWRZDUGWKHGLUHFWLRQRIGHFUHDVLQJ d  d DUHVWLOOOHVV
WKDQZKLFKLQGLFDWHVWKDWWKHXQLWDQGWKHXQLWQHHGIXUWKHUDGMXVWPHQWWRZDUGWKHGLUHFWLRQRILQFUHDVLQJ6R
WKHQXPEHURIXQLWVQHHGLQJ IXUWKHU DGMXVWPHQW LVk 0HDQZKLOH YDOXHVRI GP' DQG GP' DUH  DQG LQ
7DEOHIRUWKHILUVWDGMXVWPHQWWLPHZKLFKDOVRLQGLFDWHVWKDWWKHDPRXQWVQHHGLQJWREHDGMXVWHGDUHODUJHUWKDQ
UDPSLQJ OLPLWV DQG IXUWKHU DGMXVWPHQW LV QHHGHG $IWHU DGMXVWPHQW IRU WKH VHFRQG WLPH DOO YDOXHV RI
  id i   DUH EHWZHHQ  DQG  DQG DOO JHQHUDWRU RXWSXWV VDWLVI\ WKH FRQVWUDLQWV RI  7KH DGMXVWPHQW
SURFHVVKDVEHHQILQLVKHG
7DEOH  GHPRQVWUDWHV WKH UHVXOWV RI WKH RSWLPDO FRPSDULVRQ IRU FRPSUHKHQVLYH FRVW V\VWHP HTXLOLEULXP DQG
QHWZRUN ORVVDERXWYHFWRUA7KHFRPSDULVRQUHVXOWVVKRZWKDW WKHHFRQRP\LVJUHDWO\ LPSURYHGDQG WKHVHFXULW\
EDVLFDOO\ UHPDLQV XQFKDQJHG DIWHU DGMXVWPHQW ZKLFK DOVR LOOXVWUDWH WKH IHDVLELOLW\ RI DGMXVWPHQW VWUDWHJ\ IRU WKH
VROXWLRQVRXWRIWKH(5&/8
7DEOH7KHRSWLPDOFRPSDULVRQRIYHFWRUA
7LPH C E ORVVP 0:
   
   

7DEOHVKRZVWKDWDOOGLVWDQFHYDOXHVRIYHFWRUBDUHEHWZHHQDQGZKLFKLQGLFDWHVWKDWDOOUHDOSRZHURXWSXWV
RIXQLWVDUHUXQQLQJLQWKH(5&/8DQGWKHQXPEHURIXQLWVQHHGLQJIXUWKHUDGMXVWPHQWLVk  
7DEOH'LVWDQFHVRIYHFWRUB
7LPH d  d  d  d  d  d 
      
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&RQFOXVLRQ
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